The present study was carried out at Shandaweel Agricultural Research Station, Agricultural Research Center, Egypt. Eight durum wheat genotypes of diverse origin were evaluated under 12 environments, which are a combination between three sowing dates, i.e., 20 th November, 10 th December and 30 th December under two levels of nitrogen fertilizer, i.e., 50 and 75 kg N/fed during two winter growing seasons of 2015/2016 and 2016/2017. The combined analysis of variance revealed high significant differences among environments, genotypes as well as genotype × environment interaction for six studied traits i.e., days to 50% heading, plant height, number of spikes/m 2 , number of kernels/spike, 1000-kernel weight and grain yield/fed. The results showed that sowing at the favorable date (20 th November) using 75 kg/fed nitrogen fertilizer increased all studied traits. The joint regression analysis of variance for the studied traits showed high significant mean squares due to environment + genotype × environment interactions revealing that genotypes considerably interacted with the environmental conditions. The mean squares due to G × E (linear) were found to be significant for all studied traits, except for days to heading and 1000-kernel weight which reveals genetic variability among genotypes for linear response to varying environments. Stability parameters (bi and S 2 d) revealed that six genotypes were stable for days to heading, six for plant height, three for number of spikes/m 2 , three for number of kernels/spike and six for 1000-kernel weight. Five out of the eight studied genotypes, i.e., Sohag 5, line 2, line 3, line 4 and line 5 showed non-significant deviation from regression and their regression coefficient values were close to unity which are classified as stable genotypes for grain yield. Two genotypes had grain yield higher than the grand mean (Sohage 5 and Line 4) and could be considered the most adapted genotypes.
INTRODUCTION
Wheat crop is considered one of the essential strategic cereal crops not only in Egypt but also all over the world since it is a staple food for humans. Due to limited arable area and irrigation supply, an increase of productivity per unit land area appears to be the mainly possible alternate of reducing the wheat production gap. This can be achieved by introducing high yielding cultivars and simultaneously implementing improved cultural practices. Such improved cultivars must tolerate the unfavorable environments and be stable in broad spectrum of environments. Sowing date is an important factor that affects phenophases and grain yield and its components of wheat (Kiss et al., 2013) . The use of different sowing dates allow us to expose wheat cultivars to different atmospheric temperatures, which is considered the major environmental factor drastically reducing wheat production. Nitrogen plays an important role in plant life and it is considered an indispensable element for several vital functions. Several investigators reported that increasing nitrogen level more than 50 kg/fed. Is accompanied by a significant increase in plant height, number of spikes/m 2 , spike length, number of spikelets/spike, number of grains and weight/spike, 1000-grain weight and grain yield (Ahmed et al., 2009; Ansar et al., 2010; Abd EL-Hameed, 2012; Kouzegaran et al., 2015 and Fadle et al. 2016) . Hence, identification of genotypes with a high potential for yield and stability across environments is an essential task in plant breeding. The adaptability of a variety over diverse environments is usually tested by the degree of its interaction with different environments under, which it is grown. The phenotypic performance of a genotype is not necessarily the same under divers agro-ecological conditions (Ali et al., 2003) . Some genotypes may perform well in certain environments, but fail in others. This variation is due to G x E interaction, which reduces the stability of a genotype under different environments (Ashraf et al., 2001) . Therefore, the adaptability and stability are analyzed to allow the identification of the genotypes with predictable behavior that may respond to the prevailing environmental variations under specific or general conditions (Silva et al., 2014) . The adaptability is evaluated based on the average performance of the genotypes. Meanwhile, stability is defined as the ability of the genotype to exhibit a yield that is a constant as possible, depending on variation in the quality of the environment. A genotype is considered stable if its performances are relatively constant across environments. Many models have been developed to measure stability of various parameters and partitioning of variation due to G x E interactions. The most widely used model (Eberhart & Russell, 1966) was followed to interpret stability statistics in different crops. Several studies reported significant differences among wheat genotypes in their response to the environmental conditions and hence, their grain yields (Ismail, 1995; Amin, 2006; Tawfiles, 2006; Hamam and Abdel-Sabour, 2009; El Ameen 2012; Abd El-Shafi et al. 2014 and Haddad et al. 2016) . The objectives of this study were: 1) to evaluate grain yield and its components of eight durum wheat genotypes at three sowing dates and two levels of nitrogen fertilizer, 2) to estimate stability parameters of the eight durum wheat genotypes under 12 environments (two year, three sowing dates and two levels of nitrogen fertilizer) to select the most adapted durum wheat genotypes. were assigned to the main plots. The two nitrogen fertilizer levels (50 and 75 kg/fed) were assigned to the sub-plots, while the sub-sub-plots were devoted to the eight wheat genotypes. The plot size was 8.4 m 2 , seeds were drilled sown in 12 rows, 20 cm apart. The recommended agricultural practices of wheat production were adopted in both growing seasons. Data were recorded on days to 50% heading, plant height (cm), number of spikes/m 2 , number of kernels/spike, 1000-kernel weight (g) and grain yield (ard/fed).
MATERIALS AND METHODS

Statistical analyses
Analysis of variance was carried out for each environment separately. Test of homogeneity (Bartlett, 1937) of the error mean squares across all environments was performed. Hence, the combined analysis was performed in this study according to Gomez and Gomez (1984) . Least significant difference (LSD) was used for comparing means. Stability analysis for studied traits across all environments was performed according to Eberhart and Russell (1966) . Three criteria would be realized to consider a genotype as stable one, these criteria as are follows: 1-Regression coefficient significantly different from zero (b ≠ 0) and not significantly different from unity (b = 1). 2-Non-significant sums of squares of the deviation of regression, i.e., S 2 di = 0. 3-High performance with a reasonable range of environmental variation. All statistical analysis were carried out using MSTAT-C software package and by GENES computer software (Cruz, 2013) . 
Environment-Genotypes variations and G × E interactions:
Data for separate traits were statistically analyzed as usual, test of homogeneity of the error mean squares across all environments was done. Error mean squares were not significant for all studied traits, indicating that errors homogeneous, so the combined analysis was followed up in this study. The combined analysis of variance (Table 5) revealed high significant differences among environments and genotypes for all studied traits, indicating the variability in genotypes as well as diversity of growing conditions at different environments. Moreover, the genotype × environment interaction variance was also significant for all the studied traits. These results indicated that studied genotypes differently responded to the different environmental conditions, suggesting the importance of the assessment of genotypes under different environments in order to identify the best genetic make up for a particular environment. These results are in harmony with those found by Amin (2006) 
Mean performance of genotypes:
Environmental means indicate that the highest means for all traits under the study were obtained by sowing at the favorable date of 20 th Nov. using 75 kg/fed nitrogen fertilizer, while the lowest mean values were obtained when wheat genotypes were sown at late date 30 th Dec. using 50 kg/fed nitrogen fertilizer. For days to heading (Table 6 ) the average of the environments ranged from 73.1 to 98.4 days for E5 and E8, respectively. As for the genotypes the days to heading ranged from 83.1 to 89.6 days for Bani Suef 5 and line 5, respectively; with an overall average of 85.9 days. The earliest genotype was Bani Suef 5 under E5 70.0 days, while the latest genotype was line 5 under E8 103.0 days. Moreover, the results clearly showed that late sowing and decrease nitrogen fertilizer from 75 kg/fed to 50 kg/fed decreased days to heading in the two seasons. Hamam and Abdel-Sabour (2009) found that number of days to heading decreased by delaying sowing under low nitrogen fertilizer.
Regarding plant height ( (Table 7) , the mean of the environments ranged from 335.4 to 407.5 for E5 and E8, respectively. As for the genotypes, Bani Suef 5 gave the lowest number of spikes/m 2 , while Sohag 5 gave the highest number of spikes/m 2 across all environments. Furthermore, the results clearly showed that delaying sowing and decreasing nitrogen fertilizer decreased number of spikes/m 2 . This might be due to the high efficiency of plants to convert solar energy to chemical energy, which increased number of spikes/m 2 with sowing on 20 th Nov. than the other tested sowing dates. These results are in harmony with those obtained by Nasim et al. (2006) and Alisial et al. (2010) who found that the delay in sowing from 30 Nov. to 15 and 30 Dec. significantly reduced number of spikes/m 2 . On the other hand, High rates of nitrogen fertilizer applied early can stimulate excessive spike bearing of tillers under favorable conditions. Ansar et al. (2010) and Javaid Iqbal et al. (2012) found that number of spikes/m 2 increased with increasing nitrogen rates. For mean number of kernels/spike (Table 7) , the mean of number of kernels/spike across all genotypes ranged from 45.3 for E5 to 57.8 for E8 in 2017 season. The average of number of kernels/spike across all environments ranged from 48.7 for line 5 to 55.9 for Sohage 4. The lower kernels number/spike in all genotypes was observed at late sowing; it might be due to high temperature during the reproductive phase which can cause pollen sterility and adverse effects on floral organs, consequently, decreased number of grain per spike ( Prasad et al., 2008) .
Regarding the 1000-kernel weight, means of the 8 wheat genotypes at each environment and across all environments are presented in Table 8 . Results showed that the mean of the environments ranged from 46.9 g for E11 to 57.4 g for E8 in season 2017. The average of 1000-kernel weight across all environments ranged for 50.2 g for line 3 to 54.6 g for line 4 with an overall average of 52.2 g. Results cleared that 1000-kernel weight was decreased proportionally as the planting was delayed. This may be due to high temperatures at delayed sowing affecting the grain maturity that resulted in shrinked grains. These results are in agreement with those by Menshawy (2007) Fadle et al.(2016) . Increase of 1000-kernel weight with optimum nitrogen rate may be due to higher grain protein (Guenis et al., 2003) .
Mean of grain yield (ard/fed) for the eight genotypes across 12 environments and across all environments are presented in Table 8 . The results showed different performance of grain yield among environments. The mean grain yield across all genotypes varied from 13.85 ard/fed at 30 th Dec. sowing date under 50 kg/fed nitrogen fertilizer in 2016 season to 25.78 ard/fed at 20 th Nov. sowing date under 75 kg/fed nitrogen fertilizer in 2017 season. The average of grain yield for genotypes across all environments ranged from 18.39 ard/fed for Line 2 to 21.33 ard/fed for Sohag 5. These results indicated that delayed sowing decreased grain yield this may be due to the high temperature during delay sowing, which prolonged the period of grain filling and resulted in reduce development of grain and ultimately decreasing the grain yield (Guilioni et al., 2003) . The highest grain yield of wheat crop with maximum level of nitrogen fertilizer could be attributed to availability of plant nutrients in abundant amount resulting in more fertile tillers, heavy 1000-kernel weight and more grains / spike, which ultimately led to a maximum grain yield. These results are confirmed by Hameed et al. (2003) and Tammam and Tawfelis (2004) , who concluded that grain yield increased with increasing fertilizer rate.
Joint regression analysis:
The joint regression analysis of variance for the studied traits is presented in Table 9 . The variances among genotypes, environments and genotypes × environments interaction were highly significant for all the studied traits, indicating the presence of wide variability among the genotypes as well as environments and reflecting the differential response of genotypes in various environments. Furthermore, all mean squares of Env. + (G × Env.) interaction indicates that the genotypes considerably interacted with the twelve environmental conditions. In fact, Env. + (G × Env.) ss interaction for each trait is only a makeup of the two parts; Env. and G × Env ss of the same trait. Env. ss is completely represented by Env. (linear) in which its mean square was highly significant for the studied traits, indicating differences among environments and their influences would remarkably be reflected on the studied traits. Also, the partition of G × Env ss interaction of the studied traits into its two components; i.e., regression ss G× Env (Iinear) ss and deviations from regression pooled deviations, demonstrated that GxE (linear) ss was significant for all studied traits, except for days to heading and 1000-kernel weight, indicating the presence of genetic differences among genotypes for their regression on the environmental index. Therefore, it could be proceeded in the stability analysis Eberhart and Russell (1966) . The significance of pooled deviation mean squares for all studied traits except, days to heading, 1000-kernel weight and grain yield suggests that performance of different genotypes were significantly fluctuated from their respective linear path of response to environments. These findings are in agreement with those obtained by Kheiralla et al. (2004) , Amin (2006) , Hamam and Abdel-Sabour (2009), Parveen et al. (2010) , Hassan et al. (2013) and Mohamed and Said (2014) .
Stability parameters:
It is important to report that plant breeders in executing selection programs would prefer to select genotypes with high average performance and most stable across various environments. For each genotype, the values of mean performance over environments (X), the stability regression coefficient (bi) and deviation from regression (S 2 di) for each genotype and for all studied traits are presented in Table 10 . According to the definition of Eberhart and Russell (1966) , a stable genotype is one with a high mean performance, unit regression coefficient (bi=1) and deviation from regression equal to zero (S 2 di =0).
Days to heading:
Data in Table 10 indicated that six genotypes were stable due to their bi's and S 2 di's did not differ significantly from a unit and the zero, respectively. The genotypes Sohag 4 and line 1 are considered specifically adapted to the unfavorable environments because the regression coefficients were less than 1 (bi<1), while sohag 5, Bani Suef 5, line 4 and line 5 were adapted to favorable environment (bi>1). Line 2 and 3 were considered as genotypes with poor stability. This significant deviation from regression for heading date was attributed by Joppa et al. (1971) . These results are in harmony with those obtained by Kheiralla and Ismail (1995) , El-Morshidy et al. (2000) , Amin (2006) , Hamam and Abdel-Sabour (2009) and Mohamed and Said (2014) .
Plant height (cm):
Six out of the eight studied genotypes i.e., Sohag 4, Sohag 5, line 1, line 2, line 3 and line 5 were stable and gave bi and S 2 di did not differ significantly from a unit and the zero, respectively. While the other genotypes were unstable because bi was significant from unity for Bani Suef 5 and S 2 d was significant from zero for line 4. Number of spikes/m 2 : Results in Table 10 indicated that Sohag 4, Sohag 5 and line 4 genotypes were stable and gave bi and S 2 di did not differ significantly from a unit and the zero, respectively. The other genotypes were unstable (bi was significant from unity and/or S 2 d was significant from zero). Sohag 5 is considered adapted to unfavorable environment (bi<1), while line 4 is considered adapted to favorable environment (bi>1). The most desired and stable genotypes can be considered when their regression coefficient equal one (bi=1) with lower values of S 2 di (Eberhart and Russell, 1966) , accordingly in this study Sohag 4 was considered as desired and stable for number of spikes/m 2 when compared with grand mean. These findings are in agreement with those obtained by EI-Morshidy et al. (2000) Amin (2006) and Mohamed and Said (2014) . Number of kernels/spike: Three genotypes; Sohag 4, Sohag 5 and line 3 (Table 10 ) have high average comparing to the grand mean and insignificant bi and S 2 d from unity and the zero. The other genotypes were unstable because bi was significant from unity and/or S 2 d was significant from zero. The Sohag 4 and line 3 were stable and performed better in favorable environments (bi>1), while Sohag 5 was stable and performed better in unfavorable environment (bi<1). Our results are in line with those obtained by ElMorshidy et al. (2000) , Amin (2006) and Mohamed and Said (2014) .
1000-kernels weight (g):
Regarding the 1000-kernel weight, results in Table 10 revealed that all studied genotypes except, Sohag 4 and line 2 exhibited insignificant stability parameters from unity and from zero for the regression coefficient (bi) and deviation from regression (S 2 d), respectively. Additionally, three genotypes (Bani Suef 5, line 1 and line 4) were the most desired genotypes for 1000-kernel weight and showed high mean performance when compared with grand mean beside their stability. These results are in harmony with those obtained by Amin (2006) , Hamam and Abdel-Sabour (2009) , Mohamed and Said (2014) .
Grain yield (ard/fed):
In consideration to the stability parameters bi and S 2 di, out of the eight genotypes, five genotypes were stable over all the studied environments; i.e. their bi and S 2 di were insignificant. The other genotypes were unstable (bi was significant from unity and /or S 2 di was significant from zero). More than only two out of five genotypes had grain yield above the grand mean. According to ascending orders of yields to these genotypes were Sohag 5 (21.33 ard/fed) and line 4 (20.14 ard/fed). It could be noticed that Bani Suef 5, line 3, line 4 and line 5 were considered specifically adapted to stressed environments (bi<1), while Sohag 5 and line 2 performed consistently better in favorable environments (bi>1). However, Line 1 gave reasonable mean yield but had high value of bi and S 2 di than the remaining genotypes, which makes its performance unpredictable under varying environments and thus it is less stable. Sohag 4 produced mean yield (20.67 ard/fed) more average yield but had high value of bi (1.14) indicating specific adaptation particularly in high yielding environments. The most desired and stable genotypes can be considered when their regression coefficient equal one (bi=1) with lower values of S 2 di (Eberhart and Russell, 1966) , accordingly in this study both genotypes Sohag 5 and Line 4 were considered as desired and stable for grain yield when compared with grand mean. These results are in line with those obtained by Amin (2006) , Hamam and Abdel-Sabour (2009) , Hassan et al. (2013 ), Abd El-Shafi et al. (2014 and Mohamed and Said (2014) .
